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We report a transfusion trial of platelets
photochemically treated for pathogen in-
activation using the synthetic psoralen
amotosalen HCl. Patients with thrombocy-
topenia were randomly assigned to re-
ceive either photochemically treated (PCT)
or conventional (control) platelets for up
to 28 days. The primary end point was the
proportion of patients with World Health
Organization (WHO) grade 2 bleeding dur-
ing the period of platelet support. A total
of 645 patients (318 PCT and 327 control)
were evaluated. The primary end point,

the incidence of grade 2 bleeding (58.5%
PCT versus 57.5% control), and the sec-
ondary end point, the incidence of grade
3 or 4 bleeding (4.1% PCT versus 6.1%
control), were equivalent between the 2
groups (P � .001 by noninferiority). The
mean 1-hour posttransfusion platelet cor-
rected count increment (CCI) (11.1 � 103

PCT versus 16.0 � 103 control), average
number of days to next platelet transfu-
sion (1.9 PCT versus 2.4 control), and
number of platelet transfusions (8.4 PCT
versus 6.2 control) were different

(P < .001). Transfusion reactions were
fewer following PCT platelets (3.0% PCT
versus 4.4% control; P � .02). The inci-
dence of grade 2 bleeding was equivalent
for PCT and conventional platelets, al-
though posttransfusion platelet count in-
crements and days to next transfusion
were decreased for PCT compared with
conventional platelets. (Blood. 2004;104:
1534-1541)
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Introduction

More stringent donor selection and increased laboratory testing
have been extremely effective in improving the safety of the US
blood supply.1-6 However, transmission of some infections still
occurs because the present approach is limited to specific known
pathogens, is not effective against bacterial contamination,7-9 does
not test for all pathogens,10 fails to prevent transmission of
cytomegalovirus (CMV) despite testing,11 and tests for new
pathogens, such as West Nile virus,12 can only be implemented
after the new agent is identified. With increasing globalization,
previously localized transfusion-transmitted infections such as
malaria, trypanosomiasis, or babesiosis are now becoming more
widespread. Therefore, strategies have been developed to treat the
blood components in a way that will inactivate viruses, bacteria,
protozoa, and contaminating leukocytes but retain therapeutic
efficacy of the components.13-17

Amotosalen HCl, formerly designated S-59, is a synthetic
psoralen compound that intercalates into helical regions of DNA or

RNA and on illumination with ultraviolet A (UVA) light reacts with
pyrimidine bases to form internucleic and intranucleic acid strand
cross-links. The photochemical treatment (PCT) inhibits replica-
tion of any DNA or RNA. This achieves reduction of a broad range
of viruses, bacteria, and protozoa to levels below those likely to
transmit infection (Table 1). Extensive toxicology, mutagenicity,
carcinogenicity, phototoxicity, and pharmacologic studies estab-
lished an adequate safety profile for PCT platelets.24,25 In vitro
platelet function of PCT platelets was preserved following up to 7
days of storage.15,16 Recovery and survival of radiolabeled PCT
platelets in healthy subjects were reduced compared with conven-
tional untreated platelets but within acceptable therapeutic ranges.26

PCT and conventional untreated platelets resulted in comparable
correction of prolonged bleeding times in patients with thrombocy-
topenia.27 A randomized, controlled, double-blind, parallel group
phase 3 study in 103 patients with thrombocytopenia of PCT buffy
coat platelets demonstrated that 1-hour platelet count increments
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were not different for PCT and conventional buffy coat platelets.28

We now report on a prospective, randomized, controlled, double-
blind, parallel group phase 3 study to evaluate the efficacy, as
determined by the prevention and treatment of significant bleeding,
and safety of PCT apheresis platelets compared with conventional
platelets.

Patients, materials, and methods

Patients

Patients were eligible for enrollment if they had thrombocytopenia requir-
ing platelet transfusion support and were at least 6 years of age. Patients
were excluded from study participation if they had any factors that could
potentially interfere with assessment of the study end points. These
exclusion criteria included positive lymphocytotoxic antibody (� 20%
panel reactive antibody at screening) or history of clinical refractoriness,
history of immune or thrombotic thrombocytopenic purpura or hemolytic
uremic syndrome, diagnosis of acute promyelocytic leukemia, recent
surgery or psoralen ultraviolet A (PUVA) therapy, interleukin-11 therapy, or

participation in another study with pathogen-inactivated blood products.
Patients who met all inclusion and exclusion criteria were randomly
assigned in a 1:1 ratio to receive all of their platelet transfusions with either
PCT or control platelet concentrates for up to 28 days or until transfusion
independence (7 days without platelet transfusion) prior to day 28. On
completion of the transfusion period, patients entered a 7-day surveillance
period to monitor for additional adverse events. The study was approved by
each site’s institutional review board (IRB), and all patients gave informed
consent to participate.

All individuals involved in clinical care and assessment of patients were
blinded to study treatment assignment. These individuals included the
principal investigator, clinical study coordinators and nurses making
hemostatic assessments, clinicians and nurses caring for the patient, and the
study sponsor. Blood bank and transfusion service personnel responsible for
randomization, collection, processing, and issue of study platelets were
not blinded.

End points

The primary efficacy end point was the proportion of patients with grade 2
bleeding, as assessed by using expanded World Health Organization
(WHO) criteria (Table 2),29 on any day during the period of platelet support.
Additional secondary efficacy end points included the proportion of
patients with WHO grade 3 or 4 bleeding; number of days of WHO grade 2
bleeding; 1- and 24-hour platelet count increments (CIs) and corrected
count increments (CCIs); number of days to next platelet transfusion;
number of platelet transfusions; incidence of platelet refractoriness; and
number of red blood cell (RBC) transfusions. Safety end points included
number of platelet transfusion reactions, development of antibody to
potential amotosalen neoantigens, and overall safety.

Platelet collection and photochemical treatment

Both PCT and control study platelet transfusions were collected on the
Amicus Separator (Baxter Healthcare, Round Lake, IL), which includes
process leukoreduction, to attain a targeted average platelet transfusion
dose of 3.7 � 1011. PCT platelets were suspended in 30% to 45% plasma
and 70% to 55% platelet additive solution (Intersol; Baxter Healthcare,
Deerfield, IL), whereas control platelets were suspended in 100% plasma.
Photochemical treatment15 was performed at each study site within 24
hours of platelet collection by adding 150 �M amotosalen, mixing, and
exposing the platelets to 3 J/cm2 UVA light in an illumination device for 3 to
5 minutes with constant gentle agitation. Following illumination, platelets
were transferred to a plastic container with a compound adsorption device
(CAD) to reduce the concentration of residual amotosalen and free
photoproducts. After adsorption for 6 to 8 hours, PCT platelets were
transferred to another container and were stored for up to 5 days according
to blood bank standards.30 All donors and platelet products underwent
required blood bank testing.30 PCT and control platelet concentrates were
issued for transfusion in identical plastic containers with identical labeling.
Because PCT platelets were manufactured solely for the purpose of the trial,
there were occasional inventory shortages that resulted in transfusion of
non-PCT platelets to patients randomly assigned to the PCT group
(“off-protocol” transfusion) or transfusion of low-dose PCT products that
would not otherwise have been transfused to prevent an off-protocol
transfusion. Control platelet transfusions not collected on the Amicus
Separator were also off-protocol transfusions.

Transfusion strategies

Platelet transfusions were given according to each institution’s guidelines
either prophylactically to prevent bleeding or therapeutically to treat
existing bleeding or prepare for an invasive procedure. The most common
threshold for prophylactic transfusions was 10 � 109/L. Each institution’s
policies determined platelet ABO type, use of irradiation, volume reduction,
and HLA matching or cross-matching for donor selection. Patients
received conventional red cell products; more than 98% of red cell units
were leukocyte reduced and 99% were gamma irradiated in both treat-
ment groups.

Table 1. Inactivation of pathogens in platelet concentrates after
photochemical treatment with amotosalen and UVA light

Pathogen Log-reduction in organisms

Enveloped viruses

HIV (cell-free) � 6.2

HIV (cell-associated) � 6.1

CMV � 5.9

Hepatitis B virus � 5.5

Hepatitis C virus � 4.5

Duck hepatitis B virus � 6.2

Bovine viral diarrhea virus � 6.0

Human T-cell leukemia virus type I/II 4.7/5.1

West Nile virus � 6.0

Nonenveloped viruses

Blue tongue 6.1-6.4

Parvovirus B19* 4.0-4.9

Gram-negative bacteria

Escherhia coli � 6.4

Serratia marcescens � 6.7

Klebsiella pneumoniae � 5.6

Pseudomonas aeruginosa 4.5

Salmonella choleraesuis � 6.2

Yersinia enterocolitica � 5.9

Enterobacter cloacae 5.9

Gram-positive bacteria

Staphylococcus aureus 6.6

Staphylococcus epidermidis � 6.6

Streptococcus pyogenes � 6.8

Listeria monocytogenes � 6.3

Corynebacterium minutissimum � 6.3

Bacillus cereus � 6.0

Gram-positive anaerobic bacteria

Lactobacillus species � 6.9

Propionibacterium acnes � 6.7

Clostridium perfringens � 7.0

Bifidobacterium adolescentis � 6.5

Protozoa

Trypanosoma cruzi � 5.3

Plasmodium falciparum � 7.0

Leishmania mexicana � 5.2

Data are summarized from Lin,14 Lin et al,15,16,18 Van Voorhis et al,19,20 Dupuis et
al,21 Savoor et al,22 and Sawyer et al.23

*Preliminary data; inactivation was performed in 35% B19-infected plasma and
65% PAS III (platelet additive solution III) in the absence of platelets. Studies included
a 15- or 30-minute rest between addition of amotosalen and UVA treatment.
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Hemostatic assessments and laboratory evaluation

Hemostatic assessments of 8 potential bleeding sites were performed by
trained observers blinded to the treatment assignment. At each assessment,
each of the 8 potential bleeding sites was assigned a WHO bleeding grade
(Table 2) ranging from 0 (no bleeding) to 4 (life-threatening bleeding). The
first hemostatic assessment encompassed the 12 hours preceding the first
study platelet transfusion. Subsequent hemostatic assessments were per-
formed daily and for 3 days following the last study platelet transfusion.
The overall bleeding grade for each assessment was the highest grade
observed for any of the 8 sites assessed. If grade 2 bleeding was observed at
any potential bleeding site on any assessment during the transfusion period,
the patient met the primary end point. For example, a patient with a 2-inch
ecchymosis on day 3 of the transfusion period but no other bleeding events
during the transfusion period would have been classified as having
experienced grade 2 bleeding and would have met the primary end point of
the trial.

The daily platelet count obtained for routine care was used for the study
pretransfusion platelet count. The 1-hour and 24-hour posttransfusion
platelet counts were obtained 10 minutes to 4 hours and 10 to 24 hours,
respectively, following each platelet transfusion. Lymphocytotoxic anti-
body (LCA) testing to determine study eligibility was performed locally,
and patients whose serum reacted with more than 20% of panel cells (PRA)
were excluded. Plasma samples for LCA and antibody to amotosalen
neoantigen testing were drawn weekly; baseline and end-of-study samples
were analyzed at central laboratories for LCA by using standard tech-
niques31 and for antibodies to potential amotosalen neoantigens by using a
validated enzyme-linked immunosorbent assay (ELISA; Cerus, Concord,
CA).28 If the patient became platelet refractory, all samples from the patient
were analyzed for LCA, antibody to amotosalen neoantigens, and platelet-
specific alloantibodies32,33 in central laboratories. The CCI, a measure of the
response to platelet transfusion that takes into account patient body size as
well as transfused platelet dose, was calculated as the difference between
the platelet count after transfusion and the platelet count before transfusion,
multiplied by the body surface area (in meters squared) and divided by the
number of platelets transfused (� 10�11). A patient was considered
clinically refractory if the 1-hour CCI was less than 5 � 103 following each
of 2 consecutive platelet transfusions. Immunologic refractoriness was

defined as clinical refractoriness (2 consecutive CCIs � 5 � 103) in the
presence of any of the following: LCA (� 20% PRA), platelet-specific
alloantibodies, and/or antibody to amotosalen neoantigens.

Adverse events and transfusion reactions

Adverse events were collected from initiation of first study transfusion
through the end of the 7-day surveillance period. Adverse event and
transfusion reaction severity was assigned on the basis of the most severe
symptom or sign present. Reactions to study platelet transfusions were
assessed for the 6 hours following each transfusion.

Randomization and statistical methods

A sample size of 300 patients per group was estimated before the start of the
study to provide more than 90% power to reject the null hypothesis of
inferiority with respect to grade 2 bleeding at a significance level of 0.05.
All patients who received at least one study platelet transfusion were
included in the analyses. Randomization was stratified by study site.

The study was designed as a noninferiority trial. Differences between
treatment groups for the primary end point (the proportion of patients with
grade 2 bleeding) and one secondary end point (the proportion of patients
with grade 3 or 4 bleeding) were analyzed using one-sided tests of
noninferiority with prespecified noninferiority margins of 12.5% and 7%,
respectively. All other secondary end points were analyzed for differences
between treatment groups. For the primary end point, the test statistic was
(PT � PR � 0.125)/(Var[PT � PR])1/2, where PT is the observed proportion
of patients with grade 2 bleeding in the PCT group, PR is the observed
proportion of patients with grade 2 bleeding in the control group, and
Var(PT � PR) is the variance estimated by the maximum likelihood
estimate.34 The one-sided 95% confidence interval for the treatment
difference in the proportion used the same estimated variance.

Analysis of variance with treatment and study site in the model was
used for continuous variables. Fisher exact test was used for comparison of
adverse events. Time to grade 2 bleeding was compared by using the
log-rank test. Longitudinal regression analysis was used to adjust platelet
count increment and transfusion interval for platelet dose.35,36 Except for

Table 2. Expanded WHO bleeding scale used for the hemostatic primary end point

Organ system

Bleeding grade

1 2

Mucocutaneous

Epistaxis � 1 h in duration � 1 h in duration

Oropharyngeal � 1 h in duration � 1 h in duration

Petechiae/purpura Localized petechiae of skin or oral mucosa;

purpura � 1-inch diameter

Purpura � 1-inch diameter; generalized petechiae or purpura

Gastrointestinal

Melena NA Melanotic stool with positive occult blood

Rectal bleeding/

hematochezia

Occult blood in stool; no visible blood Visible blood in stool

Hematemesis NA Occult or visible blood in vomit or gastric contents

Genitourinary

Hematuria � 1� (slight, trace, small) blood in urine � 2� (moderate)

Vaginal bleeding, abnormal Spotting; � 2 saturated pads/d � 2 saturated pads/d

Bronchopulmonary NA Hemoptysis; blood-tinged sputum; bloody bronchopulmonary

lavage

Musculoskeletal and soft tissue NA Spontaneous hematoma; any joint bleed

Body cavity (pleural, peritoneal,

pericardial, retroperitoneal)

NA RBCs on microscopic examination of any body fluid

Central nervous system NA Retinal bleeding without visual impairment

Invasive sites NA Any bleeding around a catheter, venipuncture site, or other invasive

or surgical site

Grade 3 bleeding requires RBC transfusion; grade 3 body cavity bleeding is grossly bloody body fluid; grade 3 central nervous system (CNS) bleeding is bleeding on
computed tomography or magnetic resonance imaging scan without clinical consequence. Grade 4 bleeding is associated with hemodynamic instability (hypotension; � 30
mm Hg decrease in systolic or diastolic blood pressure) or fatal bleeding; grade 4 musculoskeletal bleeding is associated with a permanent debilitating joint change; grade 4
CNS bleeding is CNS bleeding with neurologic symptoms and signs, or retinal bleeding with visual impairment (field deficit). Expanded scale is based on WHO bleeding scale
from Miller et al.29 NA indicates not applicable.
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the tests of noninferiority, all other statistical tests were 2-sided with a
significance level of 0.05.

Results

Of the 671 patients randomly assigned, 645 received at least one
study platelet transfusion (318 PCT; 327 control) and composed
the intention-to-treat (ITT) population. The 26 patients not
included in the ITT analyses did not require platelet transfusions
before recovery from thrombocytopenia. There were no differ-
ences between the groups for sex, age, ethnic origin, diagnosis,
or receipt of stem cell transplant (Table 3) or in baseline
hematology, chemistry, and coagulation laboratory studies (data
not shown).

The proportion of patients completing the transfusion period
(89%) and the surveillance period (81%), the mean duration of
platelet support (11.8 days PCT versus 10.6 days control), and the
proportion of patients achieving and maintaining platelet transfu-
sion independence prior to day 28 (66% PCT versus 70% control)
were not different between treatment groups (Table 4).

The primary end point of the trial, the proportion of patients
with grade 2 bleeding, was equivalent for the PCT group and
control group, both overall, as well as for any of the 8 potential
bleeding sites (Table 5). Grade 2 bleeding occurred during the
transfusion period in 58.5% of patients in the PCT group compared
with 57.5% of patients in the control group. The time to onset of
grade 2 bleeding after beginning the study was not significantly
different between PCT and control patients, either for the ITT
population (Figure 1A, P � .78) or for those patients without grade
2 bleeding at study entry (Figure 1B, P � .91). Grade 2 bleeding

occurred on a mean of 3.2 days in the PCT group as compared with
2.5 days in the control group (P � .02) and on a median of 1 day
for each group.

The maximum grade of bleeding at any potential bleeding site
was grade 2 for most patients. Grade 3 or 4 bleeding occurred in
only 4.1% of patients in the PCT group and 6.1% in the control
group. There were no statistically significant differences between
the groups in grade 3 or 4 bleeding overall or for any of the 8
potential bleeding sites. The most common site of grade 3 or 4
bleeding was the neurologic system (3 of 318, 0.9% PCT versus 6
of 327, 1.8% control).

The 645 patients in this study received a total of 4719 platelet
transfusions (2678 PCT; 2041 control) (Table 6). Most units of
platelets transfused (91.5% PCT and 95.2% control) were
prepared according to study methods (“on-protocol transfu-
sions”). During the study transfusion period, exclusively on-
protocol transfusions were received by 68% of patients in the
PCT group and 85% of patients in the control group (P � .01).
Of patients who received any off-protocol transfusions, most

Table 3. Patient characteristics

PCT; n � 318 Control; n � 327

Sex

% male 54 51

Age, y

Mean 47 46

Range 7-85 6-75

% younger than 16 y 2 5

Ethnic origin, %

White 91 91

African American 3 3

Hispanic 3 3

Other 3 3

Stem cell transplantation, %

Bone marrow 20 22

Peripheral blood 54 55

Cord blood 2 3

Total 76 80

Source of stem cells, %

Autologous 64 65

Allogeneic 36 35

Underlying diagnosis, %

Acute leukemia 29 28

Chronic leukemia 11 11

Lymphoma 24 29

Myelodysplasia 3 2

Plasma cell dyscrasia 20 18

Nonhematopoietic solid tumor 8 8

Other 5 4

WHO grade 2 bleeding at study entry, % 15.7 16.5

All characteristics had P � .05, thus showing no differences.

Table 4. Patient participation

Treatment group

P
PCT, n (%)

n � 318
Control, n (%)

n � 327

Completed transfusion period 280 (88) 294 (90) .53

Reason for not completing

transfusion period

Patient decided to withdraw 8 (2.5) 4 (1.2) .26

Physician withdrew patient 10 (3.1) 4 (1.2) .11

Adverse event(s) 0 (0) 0 (0) —

Lost to follow-up 1 (� 1) 1 (� 1) —

Death 10 (3.1) 15 (4.6) .42

Other 9 (2.8) 9 (2.8) —

Total 38 (11.9) 33 (10.1) .44

Mean days of platelet support 11.8 10.6 .08

Achieved and maintained platelet

independence prior to day 28 210 (66) 230 (70) .27

Completed surveillance period 248 (78) 273 (84) .09

— indicates not applicable.

Table 5. Proportion of patients with grade 2 or higher bleeding

PCT, n (%)
n � 318

Control, n (%)
n � 327 P *

Any grade 2 bleeding 186 (58.5) 188 (57.5) �.01†

Grade 2 bleeding by bleeding site

Genitourinary 104 (32.7) 103 (31.5) 0.80

Mucocutaneous 82 (25.8) 65 (19.9) 0.08

Invasive sites 69 (21.7) 65 (19.9) 0.63

Gastrointestinal 60 (18.9) 63 (19.3) 0.92

Respiratory 35 (11.0) 28 (8.6) 0.35

Musculoskeletal 15 (4.7) 18 (5.5) 0.72

Body cavity 0 (0.0) 1 (0.3) 1.00

Neurologic 0 (0.0) 0 (0.0) —

Any grade 3 or 4 bleeding 13 (4.1) 20 (6.1) �.01‡

— indicates not applicable.
*Fisher exact test was used to calculate the P value for each of the 8 potential

bleeding sites.
†The P value for the overall proportion of patients with grade 2 bleeding

was � .01, based on a noninferiority test with a noninferiority margin of 0.125
(one-sided 95% confidence interval of difference: �1, 0.07). By using this method, a
P value of � .05 indicates that PCT was not inferior to control.

‡The P value for any grade 3 or 4 bleeding was � .01, based on a noninferiority
test with a noninferiority margin of .07 (one-sided 95% confidence interval of
difference: �1, 0.013). By using this method, a P value of � .05 indicates that PCT
was not inferior to control.
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(53% PCT and 59% control) received only one. The proportion
of platelet transfusions that were HLA matched (1.5%), cross-
match compatible (0.2%), volume reduced (7.5%), or irradiated
(99.8%) were comparable between the 2 groups. Slightly more
PCT transfusions were ABO-matched (with patient pretransplan-
tation blood type) than control transfusions (78.5% versus
75.4%, P � .01). Mean platelet storage duration prior to transfu-
sion was 3.4 days for PCT as compared with 3.6 days for control
platelets (P � .01).

Patients in the PCT group received more platelet transfusions
overall (8.4 PCT versus 6.2 control; P � .001; Table 6) and more
platelet transfusions per day of platelet support (0.74 PCT versus
0.65 control; P � .001). These differences may be partially ex-
plained by the lower mean dose of platelets per transfusion in the
PCT group compared with the control group (3.7 � 1011 PCT
versus 4.0 � 1011 control; P � .001) and the greater proportion of
PCT platelet doses that contained less than 3.0 � 1011 platelets
(20% PCT versus 12% control; P � .01; Figure 2). Sixty percent of
patients in the PCT group received at least one platelet dose less
than 3.0 � 1011 compared with 36% of patients in the control group
(P � .01). However, by using longitudinal linear regression to
adjust for platelet dose, when equal doses of PCT and control
platelets were given, the 1-hour posttransfusion platelet count was
estimated to be 10.4 � 109/L lower for PCT than for control
platelets (P � .001), and the time to the next transfusion was
shorter by 0.4 days for PCT than for control platelets (P � .001).
Other factors that can affect platelet recovery,37 such as spleno-
megaly, fever, sepsis, and amphotericin use were comparable
between treatment groups. There was no difference between the
groups in the mean number of red blood cell transfusions or the
mean number of red blood cell transfusions per day of platelet
support (Table 6).

Most transfusions were given for prophylaxis (93.5% PCT
versus 90.1% control; P � .01); the others were considered to be
therapeutic either to treat active bleeding or to prepare for an
invasive procedure. Although mean pretransfusion platelet counts
were similar for patients in both groups, the mean 1-hour posttrans-
fusion platelet count was lower in the PCT group (36.5 � 109/L
PCT versus 49.5 � 109/L control; P � .001), as were the mean
1-hour and 24-hour CI and CCI (Table 7).

Platelet clinical refractoriness occurred in 21.4% of PCT as
compared with 7.0% of control patients (P � .001; Table 8).

Table 6. Platelet and RBC transfusions during the study

PCT,
n � 318

Control,
n � 327 P

Platelet transfusions

Total number 2678 2041 —

Mean number per patient 8.4 6.2 � .001

Mean number per day of platelet support* 0.74 0.65 � .001

Interval between transfusions, d 1.9 2.4 � .001

Platelet dose, � 1011

Mean average dose 3.7 4.0 � .001

Percentage of platelet doses less than 3.0

� 1011 20 12 � .01

Mean total dose over entire transfusion

period 29.4 24.1 .01

Duration of platelet storage, d 3.4 3.6 � .05

RBC transfusions

Mean number per patient 4.8 4.3 .13

Mean number per day of platelet support* 0.31 0.30 .53

— indicates not applicable.
*Days of platelet support is defined as number of days from the first to the last

study platelet transfusion.

Figure 1. Time to onset of grade 2 bleeding. (A) Time to onset of grade 2 bleeding
in ITT population (n � 645). Median time to onset of grade 2 bleeding was 8 days, log
rank P � .78. (B) Time to onset of grade 2 bleeding in patients with no (grade 0)
bleeding at baseline (n � 541). Median time to onset of bleeding more than 31 days,
log-rank test P � .91.

Figure 2. Distribution of transfused platelet doses. A greater proportion of doses
were less than 3.0 �1011 in the PCT group compared with the control group
(P � .01).

Table 7. Mean platelet responses following platelet transfusions

PCT; n � 318 Control; n � 327

Before transfusion

Platelet count, � 109/L 15.1 15.2

1 h after transfusion

Platelet count, � 109/L 36.5* 49.5

Count increment, � 109/L 21.4* 34.1

Corrected count increment, � 103 11.1* 16.0

24 h after transfusion

Platelet count, � 109/L 27.9* 36.1

Count increment, � 109/L 13.2* 21.5

Corrected count increment, � 103 6.7* 10.1

*P � .001 compared with control.
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One-hour CCIs less than 5 � 103 were observed with 27.4% of all
PCT transfusions and 12.7% of all control platelet transfusions
(P � .001) and 33.4% of PCT as compared with 12.3% of control
platelet transfusions with platelet doses less than 3.0 � 1011

(P � .001). Most refractory episodes were transient, involving
only a single episode of 2 consecutive 1-hour CCIs less than
5 � 103 (57% PCT versus 65% control). Only 6% of refractory
patients in the PCT group and 9% of refractory patients in the
control group remained refractory through study completion.
Alloimmunization to HLA, platelet-specific antigens, or amoto-
salen neoantigens as the basis for platelet refractoriness occurred
4.7% of PCT patients as compared with 3.1% of control patients in
the ITT population (P � .31) and in 22% of PCT patients as
compared with 44% of control patients in the refractory subset of
patients (P � .06). Among refractory patients, LCA was more
common in the control group (39%) compared with the PCT group
(15%; P � .02). Platelet alloantibodies occurred with similar
frequency among refractory patients (12% PCT compared with
10% control; P � 1.00).

Although there were fewer transfusion reactions following
transfusion of PCT platelet units (3.0% PCT versus 4.4% control
transfusions; P � .02), there was no difference in the proportion of
patients who experienced a reaction (16.0% PCT versus 19.3%
control; P � .30). Reactions were primarily fever, chills, urticaria,
or rash. Almost all patients experienced one or more adverse events
(Table 9). Adverse events were coded to 898 MedDRA Preferred
Terms.39 The most common adverse events (reported in � 30% of
patients in either treatment group), such as hematuria, diarrhea,
hypokalemia, rigors, petechiae, epistaxis, fecal occult blood,
contusion (bruising), and dermatitis, were consistent with those
expected for the patient population enrolled in this study. As
expected, with the large number of statistical comparisons per-
formed, there were statistically significant differences between
treatment groups for some types of adverse events, but these
differences were not considered to be clinically relevant and will be
reported in detail separately. Grade 3 or 4 adverse events, those
considered by the investigator to be probably or possibly related to
study platelet transfusion, and adverse events meeting US Food and
Drug Administration (FDA) criteria for serious were not different
between the PCT and control groups (Table 9). There were 28
deaths (3.5% PCT versus 5.2% control) during the study, mostly
because of infectious or respiratory complications.

Discussion

Despite improvements in the safety of the US blood supply, the
public wants transfusion risks to be as close to zero as possible, and
political and health policy decisions reflect this goal. As new
transfusion-transmitted infectious agents are identified, new tests
for these agents may be implemented, but this approach will always
have limitations. Inactivation of a broad spectrum of viruses,
bacteria, and protozoa in blood products is a promising new
strategy to improve blood safety.

The low prevalence of pathogens in blood components pre-
cludes a study of the prevention of transfusion-transmitted infec-
tion by PCT platelets. Therefore, we studied the effect of PCT on
platelet transfusion hemostatic effectiveness rather than transfusion
transmissible infections. The trial, the largest one of its kind,
evaluated platelet hemostasis as the primary end point while also
evaluating the quality and safety of PCT platelets. PCT and control
platelets were hemostatically comparable overall and, for each of
the 8 potential bleeding sites evaluated, established that PCT
platelets were clinically effective. Patients who received PCT
platelets had lower platelet count increments following transfusion,
received more platelet transfusions, and had a shorter interval
between transfusions compared with patients who received conven-
tional apheresis platelets. The lower platelet count increment is
partly explained by the lower mean platelet dose in the PCT group
and the disproportionate number of transfusions containing doses
less than 3.0 � 1011 (Figure 2). The greater proportion of low-dose
platelets transfused to the PCT group may have resulted in the
greater number of platelet transfusions in the PCT group.41 Reasons
for lower platelet doses in the PCT group primarily reflected
clinical trial requirements. These reasons included a clinical
prototype of the device was used with a nonintegrated processing
set and a prototype CAD; processing loss for PCT platelets was
acknowledged; samples taken for amotosalen assay came from
PCT but not control; to avoid off-protocol transfusions, low doses
of PCT platelets were transfused when a higher dose unit was not
available; and because PCT units were produced solely for the
purpose of the clinical trial, control units were more readily
available, resulting in higher platelet doses. During routine use, it is
expected that doses of PCT platelets will be comparable to control
platelets. Following completion of this trial, an integrated PCT
processing set with an improved CAD was developed and evalu-
ated in a small supplemental trial in Europe. That trial in 43 patients
demonstrated no increase in the number of platelet transfusions

Table 9. Adverse events during the study

PCT, %;
n � 318

Control, %;
n � 327 P

Any adverse event* 99.7 98.2 .12

Grade III or IV adverse event 78.9 78.6 .92

Serious adverse event† 27.0 24.8 .53

Treatment-related adverse event‡ 26.4 29.4 .43

Death§ 3.5 5.2 .34

*Adverse events were graded I to IV using the National Cancer Institute Common
Toxicity Criteria (NCI-CTC)38 and coded to Preferred Term by using Medical Directory
for Regulatory Affairs (MedDRA).39

†Serious adverse events were defined by using Food and Drug Administration
(FDA) criteria.40

‡Treatment-related adverse events were reported as possibly or probably
related to the study platelet transfusions by the blinded investigator at each site.

§One patient in each group died of hemorrhage; both deaths involved pulmonary
alveolar hemorrhage thought to result from toxicity of the myeloablative preparative
regimen.

Table 8. Refractoriness to platelet transfusions

PCT Control P

ITT population, n 318 327 —

Any refractory episode, %* 21.4 7.0 � .001

Any transfusion with CCI less than 5 � 10, % 27.4 12.7 � .001

Refractory subset of patients, n 68 23 —

Single episode of refractoriness, % 57 65 .63

Refractory to end of study, % 6 9 .64

Immunologic refractoriness†

LCA and/or platelet alloantibody, % 22 44 .06

Lymphocytotoxic antibodies, % 15 39 .02

Platelet specific alloantibodies, % 12 10 1.00

Antibody to amotosalen neoantigens 0 0 —

— indicates not applicable.
*Episode is 2 consecutive platelet transfusions with 1-hour CCI � 5 � 103.
†Immunologic refractoriness, defined as the presence of LCA (� 20% PRA),

platelet alloantibodies, and/or antibody to potential amotosalen neoantigens in the
presence of 2 consecutive 1-hour CCI less than 5 � 103.
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required to manage patients transfused with PCT platelets for up to
28 days42; those results will require confirmation in a larger study.

Another factor accounting for the reduced platelet responses
with PCT platelets was a decrease in platelet viability; ie, at equal
platelet doses, there was a significant reduction in both platelet
increment and days to next transfusion comparing PCT with
control platelets. An effect of the PCT process on platelet viability
was suggested in previous studies in healthy research subjects and
patients.26,27 As a consequence of the lower platelet count incre-
ments in the PCT group, clinical platelet refractoriness occurred
more frequently in patients receiving PCT platelets; however, it
tended to be transient, persisting to the end of the study in only 6%
of PCT and 9% of control refractory patients. Alloimmune platelet
refractoriness and the need for HLA-matched platelets were
uncommon and were similar in both groups. Among platelet
refractory patients, the incidence of LCA was lower in the PCT
group, but platelet-specific alloantibodies were similar. Despite the
lower platelet count increments, the shorter intervals between
platelet transfusions, and the resultant greater number of PCT
platelets transfused, the PCT platelets were hemostatically equiva-
lent to the control platelets; therefore, differences in these second-
ary end points appear to have little effect on product efficacy and
patient benefit.

Overall, no unusual toxicities or adverse events were associated
with the transfusion of PCT platelets. A companion safety analysis
will be reported separately. Although the proportion of patients

who experienced a transfusion reaction was similar in the 2 groups,
fewer PCT platelet transfusions were associated with a reaction.
This could be due to leukocyte inactivation, resulting in less
cytokine production during storage of PCT platelets or the reduced
volume of plasma in the PCT units.43 Other adverse events,
including hemorrhagic adverse events and death, were not different
between the 2 groups of patients.

Photochemically treated platelets were clinically effective in
maintaining hemostasis, appear to be associated with an acceptable
safety profile, and offer the potential to further reduce the infectious
risks of blood transfusion, including those associated with emerg-
ing transfusion-transmitted infections.
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